Three kinds of water model experiment were 
INTRODUCTION
In the processing of steel refining, argon gas is often injected in order to encourage liquid stirring, to promote gas-metal reactions, to remove inclusions from liquid steel, to suppress nozzle clogging in continuous casting. In this study, the influence of the Marangoni effect exerted on the behaviour of these bubbles is investigated using a water model system, and the behaviour of the bubbles in the liquid steel is considered based on the results. At first, the influence of the Marangoni effect Vol. 22, Mos. 5-6, 2003 
Behaviour of Bubbles in Liquid Caused by Marangoni Effect in Relation
to Steel Refining Process exerted on coalescence of the bubbles generated by injecting argon gas in the ether water solution system is studied. Next, fine bubbles (10-100 μπι in diameter) and larger bubbles (around 1000 μπι in diameter) are used to investigate the influence of the Marangoni effect exerted on the behaviour of the bubble in front of a solidifying interface.
EXPERIMENT 1

Experimental Apparatus and Method
The experimental apparatus used to observe the mutual interaction of bubbles formed by gas injection into the liquid in relation to the Marangoni effect in liquid was shown in Fig. 1 . Three kinds of gas and water solution system were used in the experiment, i.e.
argon gas-distilled water system, argon gas and ether (3 mass percent) water solution system, and argon and ether gas mixture-distilled water system. Argon and ether gas mixture was produced by injecting argon gas into ether at 298 K. The velocity of gas flow can be controlled at 5 m/s. The diameter of the Teflon orifice was I mm. The behaviours of the coalescence of bubbles, i.e. the interaction of bubbles, were observed directly with the aid of a high speed camera.
Experimental Result
Bubbles formed at the orifice of the Teflon plate float up to the surface of the solution. When argon gas was injected into the distilled water, the distance between the first bubble 1 and the second bubble 2 kept almost constant as shown in Fig. 2 . However, when argon gas was injected into ether water solution, the distance between the two bubbles become larger as shown in Fig. 3 , and the coalescence of two neighbouring bubbles did not occur. But in the case of argon and ether gas mixture-distilled water system, the two bubbles detected from orifice of Teflon plate was easy to coalesce, as shown in Fig. 4 , and the bubbles became larger due to the coalescence.
Discussion
The above results shown in In the case of argon and ether gas mixture -water system, ether gas dissolves into the water. When the dissolution rate is controlled by the ether transfer from the bubble surface to the bulk water, ether concentration in the zone A is higher than that of zone B. Since the surface tension σ Α becomes smaller than σ Η , the 
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EXPERIMENT 2/3/
Experimental Apparatus and Method
The apparatus for the experiment of the solidifying water model is shown in 
Experimental Result
In the case of the NaCl water solution, throughout the solidification process, bubbles produced by electrolysing the water solution kept moving upward vertically, no matter how close the bubble were to the solidifying interface, and no horizontal motion towards the solidifying interface was observed. As bubbles contacted the solidifying interface, instead of being trapped by the interface, they moved upwards along the interface and escaped from it (Fig. 7) . But using the surfactant water solution of C 8 H ]7 SO,Na, at the beginning of the solidification, the solidifying interface was far from the cathode, bubbles moved upwards vertically due to the buoyancy. As the distance between them was shortened to a certain value (90-100 μιτι) due to the advancing of the solidifying interface, many bubbles began to move horizontally towards the solidifying interface very quickly. Then bubbles reached the solidifying interface and were engulfed by the moving solidifying interface (Fig. 8 ).
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Discussion
In front of the solidifying interface of surfactant water solution, a boundary layer (δ) with a surfactant concentration gradient (C ; ) is formed (Fig. 9(a) ). When the fine bubble is far from the solidifying interface, i.e. located outside the boundary layer, the bubble moves upwards (V^) due to the effect of buoyancy (/·",,). Once fine bubbles enter the boundary layer, a surface tension gradient is generated around the surface of the bubbles.
The force (F, ), caused by the surface tension gradient drives the bubbles towards the solidifying interface with higher surfactant concentration, and can be expressed with Eq. 1, and the terminal velocity of the bubbles can be shown with Eq. 2 as follows /l/: Because NaCl is not a surfactant, almost no surface tension gradient around the surface of the bubble can be formed although the NaCl concentration gradient (C,)
exists inside the boundary layer (Fig. 9(b) ). As a result, the bubble can only move upwards due to buoyancy 
Experimental Result
In the case of NaCI (250 mass ppm) water solution, throughout the experiment, the bubble was kept stable on the tip of the needle, and no motion was observed 
Discussion
The observed oscillation phenomena and the convection could be explained as follows. In the case of the larger bubble-surfactant water solution system, when a part of the bubble goes into the concentration boundary layer formed in front of the solidifying interface, the surface tension gradient is induced around the part of,the bubble due to the concentration gradient.
Then the Marangoni convection indicated in Fig. 13(a) is caused, which results in the drainage of the liquid (Fig. 13 (a) 
